Two-factor experiment was designed to examine from lipid metabolism, proinflammatory eicosanoids, and lipid peroxidation for investigating the effects of dietary oils and zinc levels of cardiovascular system of broilers. One hundred sixty 1-d-old male broilers were divided into 4 groups with 8 replicates of 5 birds fed one of the diets containing either corn oil or fish oil with one of 2 levels (75 mg/kg, 150 mg/kg) of zinc. Fish oil significantly decreased the levels of serum total cholesterol, triglyceride, high density lipoprotein-cholesterol, low density lipoproteincholesterol of broilers, decreased the contents of plasma prostaglandin E 2 , thromboxane B 2 , and phospholipase A 2 in broilers when compared with corn oil. Zn level did not alter lipid metabolism, but significantly affected eicosanoid synthesis and lipid peroxidation of broilers. Zinc at 150 mg/kg significantly decreased the contents of plasma prostaglandin E 2 , malondialdehyde, and phospholipase A 2 in broilers when compared to zinc at 75 mg/Kg. There were significant interactions between oil sources and zinc levels on production of serum triglyceride, high density lipoprotein-cholesterol, plasma 6-keto-prostaglandin F 1α , phospholipase A 2 and malondialdehyde. In conclusion, fish oil improved lipid profiles, reduced proinflammatory eicosanoid contents by inhibiting phospholipase A 2 production in broilers; while zinc reduced the contents of plasma malondialdehyde, phospholipase A 2 , and then decreased the concentration of prostaglandin E 2 of broilers.
Introduction
Cardiovascular disease and metabolic disorders are the major cause of mortalities and morbidities in fast-growing broiler chickens because modern broiler chickens have fast growth rates and high feed conversion ratios and metabolic rates. These features promote an increased workload on the cardiovascular system, predisposing birds to metabolic disorders such as right ventricular failure, ascites syndrome, cardiac arrhythmias, cardiopulmonary disorders, and sudden death syndrome (Gardiner et al., 1988; Olkowski and Classen, 1998; Julian, 2005) . Therefore, it is of great importance for broilers to keep healthy cardiovascular system.
High density lipoprotein-cholesterol (HDL-C) and low density lipoprotein-cholesterol (LDL-C) are associated with atherosclerosis and coronary heart disease, and low HDL-C and high LDL-C in the plasma lipoprotein profile resulted in an increased risk of coronary heart disease in diabetes (Dietschy, 1998) . The n-3 polyunsaturated fatty acid (PUFA) is beneficial to cardiovascular health (Siddiqui et al., 2008) . Administration of fish oil (FO, mainly n-3PUFA) reduced the levels of total cholesterol (TC), triglyceride (TG), LDL-C, and increased the level of HDL-C in serum of diabetic rats (Hamadani et al., 2011) . Acute dietary n-3 PUFA supplementation improved lipid metabolism under not only the fasting status but also the postprandial status in rat (Hassanali et al., 2010) . Previous studies were mainly focused on mammals. Data regarding the impact of n-3 PUFA on lipid metabolism of broilers is limited.
Inflammation is an important predisposing risk factor contributing to cardiovascular diseases such as heart failure and hypertension (Ghosh et al., 2007) . An imbalance state of eicosanoid production may promote cardiac diseases and sudden death (Ajuyah et al., 2003; Squires and summers, 2003) . Eicosanoids are lipid mediators of inflammation (Funk, 2001; Cherian, 2011) . Different types of PUFA may produce different eicosanoids, leading to different inflammatory responses. Eicosanoids derived from arachidonic acid (20:4n-6) such as prostaglandin E 2 (PGE 2 ), thromboxane B 2 (TXB 2 ), and leukotriene B 4 are more proinflammatory and potent than those derived from Eicosapentaenoic acid (EPA, 20:5 n-3) (Cherian, 2011) . The n-3 PUFA is beneficial to broilers by opposing the inflammatory effects of n-6 PUFA (Darlington and Stone, 2001; Guo et al., 2004; He et al., 2007) and decreasing inflammation . Furthermore, even maternal dietary n-3 PUFA could influence the inflammatory response of the progeny broilers (Wang et al., 2002) . Study about different types of PUFA on eicosanoid metabolism of broilers is scarce, and the mechanism is unclear.
The n-3 PUFA is highly susceptible to peroxidation (Oarada et al., 2008) . Zinc (Zn) was used to prevent oxidative damage because Zn is considered an effective antioxidant (Shaheen and El-Fattah, 1995; Yousef et al., 2002) . The objective of this study was to make a comparison between corn oil (CO, mainly n-6PUFA) and fish oil with different Zn levels on lipid metabolism, eicosanoids production and lipid peroxides in broilers in order to explore a nutritional strategy to enhance bird health and production performance.
Materials and Methods

Experimental Birds and Diets
The present study was approved by the Institutional Animal Care and Use Committee of Agricultural University of Hebei and was carried out in accordance with the Guidelines for Experimental Animals. One hundred sixty 1-d-old male broilers (Arbor Acres plus) were purchased from the Arbor Acres Poultry Breeding Company (Beijing, China). The birds were randomly assigned to 4 groups (n＝40, 8 replicates of 5 birds), feeding one of the diets containing either corn oil or fish oil with one of 2 levels of Zn (Availa-Zn, Zinpro Corp., MN, USA). Dietary oil inclusion level was 4%. The diets were as follows: CO+75 mg/kg Zn, FO+75 mg/kg Zn, CO+150 mg/kg Zn and FO+150 mg/kg Zn. Refined FO was provided by Shandong Huayuan Fish Oil Technology Co., Ltd., binzhou, China. Acid value and peroxide value of the FO were 1.5 mg KOH /g, 5.2 meqO 2 /kg respectively. The composition and nutrient level of basal diet are shown in Table 1 . Feed and water were provided ad libitum throughout the experimental period. The temperature in the chicken house was maintained at 35℃ for the first three days and then was reduced 3℃ weekly until reaching 24℃. Twenty-four hours of constant light programme was maintained throughout the experimental period. Other management was conducted according to the recommended guideline for the broilers.
Sample Collection and Analysis 2.2.1 Growth Performance of the Broilers
At days of 21and 42 of age, chickens from each of replicate cages were weighed after 12 h of feed deprivation, and the remaining feed was weighed. Performance indexes such as body weight gain, feed intake, and the ratio of feed to gain (F/G) were determined.
Lipid profiles, Eicosanoid Production, and Lipid Peroxidatio
At days 42 of age, 32 birds (8 birds per treatment of 1bird per replicate) were randomly chosen and sacrificed by exsanguination from left carotid artery after weighing. Two samples of serum and plasma for each bird were obtained. Serum samples were collected for measuring lipid profile, plasma samples for eicosanoid production and lipid peroxides, and they were stored at −30℃ until assay.
The levels of serum TC, TG, LDL-C, and HDL-C were measured by an automatic biochemistry analyzer (TBA-120 FR, Toshiba Medical System Co. Ltd., Tochigi, Japan) according to the instructions for reagent kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).
The contents of plasma PGE 2 , TXB 2 , 6-keto-prostaglandin F 1α (6-k), phospholipase (PLA 2 ) were detected by specific radioimmunoassay (RIA) following the instructions for reagent kits (Nanjing Jiancheng Bioengineering Institute, Nanjing, China).
Statistical Analysis
Two way analysis of variance was performed on all data using the General Linear Model procedure of SPSS (SPSS 11.0, SPSS Inc., Chicago, IL), and Duncan's test was used to separate the means. A significance level was set at p＜0.05.
Results
Growth Performance
There was no effect of dietary treatments on feed intake, body weight, and F/G of broilers (data not listed).
Lipid profiles
Oil source affected lipid metaboilism (Table 2) . FO decreased the contents of serum TC (P＜0.01), TG (P＜0.05), HDL-C (P＜0.01), and LDL-C (P＜0.05) of broilers compared to CO. Zn level did not alter lipid metabolism, while there were interactions between oils and Zn levels on TG (P ＜0.01) and HDL-C (P＜0.05) production in birds. The lowest level of serum TG was observed in birds fed FO with Zn at 150 mg/kg, and serum HDL-C level was highest in bids fed diet containing CO with Zn at 150 mg/kg.
Eicosanoid Production
As shown in Table 3 , both dietary oils and Zn levels altered eicosanoid production. FO decreased the concentration of plasma PGE 2 (P＜0.05), TXB 2 (P＜0.01) and PLA 2 (P＜ 0.05) in broilers when compared to CO. Dietary Zn at 150 mg/Kg decreased the contents of plasma PGE 2 (P＜0.05), PLA 2 (P＝0.00) of broilers when compared to Zn at 75 mg/ Kg. There was no difference of dietary treatments on the cotent of plasma 6-K. However, there was an interaction between oil sources and Zn levels on plasma PLA 2 (P＜ 0.01) production. The lowest content of plasma PLA 2 was occured in broilers fed diet containing FO with higher Zn.
Lipid Peroxides
There was no difference of dietary oil sources on the content of plasma MDA of birds (Table 3) . Dietary Zn at 150 mg/Kg decreased plasma MDA content (P＝0.00) when compared to Zn at 75 mg/Kg. There was an interaction (P＜ 0.01) between oil sources and Zn levels, plasma MDA content was lowest in birds fed diet containing CO with Zn at 150 mg/kg.
Discussion
Lipid Metabolism
This study showed that dietary FO decreased the levels of serum TC and TG of broilers.This result is in aggrement with Hosseini-Mansoub and Bahrami (2011), who reported that FO in broiler diet significantly decreased the levels of serum TC and TG at the age of 42 days of broilers, and also consistent with a previous study by Hamadani et al. (2011) in rats. They reported that inclusion of FO to diabetic and nondiabetic rats significantly decreased the contents of serum TC and TG. Moreover, in the present study, we also found that addition of FO in diet also decreased the level of serum LDL-C in broilers. The n-3 fatty acids can reduce the blood VLDL levels, acting to lower the circulating free LDL oncentration and reducing the rate of triglyceride synthesis in the liver (Christopher et al., 2003) . Thus, FO diet may lead to lower abdominal fat of broilers (Yang et al., 2010) .
Regardless of the decrease in HDL-C by FO in the present study, Hosomi et al. (2010) found that there was no significant difference in the level of serum HDL-C in FO group compared to soybean oil group (mainly n-6PUFA). Hamadani et al. (2011) reported that FO increased the content of serum HDL-C of diabetic and non-diabetic rats. The reasons for different results need further study. 
Eicosanoid Production and PLA 2
This study confirms previous information that n-3PUFA can reduce PGE 2 production (He et al., 2007; Guo et al., 2004; Bautista-Ortega et al., 2009) . Although effects of FO on PGE 2 and TXB 2 in broilers have not been examined so far, our study revealed that FO reduced the contents of PGE 2 and TXB 2 in broilers. The result is consistent with the findings by Li et al. (1994) in mice. They found PGE 2 and TXB 2 production were significantly higher in arachidonic acid group compared to docosahexaenoic acid (DHA, 22:5n-3) group. Besides, we also found higher dietary Zn also decreased plasma PGE 2 production, which hints that Zn may has the capacity of anti-inflammatory effect except for antioxidant ability. PGE 2 is a potent proinflammatory eicosanoid, which would lead to inflammatory responses. PGE 2 production increases with the progression of human atherosclerosis (Rolland et al., 1984) . TXB 2 is a stable metabolite of thromboxan A 2, which can induce aggregation of platelet and smooth muscle contraction. Therefore, a reduction of plasma PGE 2 and TXB 2 might be beneficial to the cardiovascular system of broilers.
PLA 2 is a physiologically important enzyme, which can catalyze the hydrolysis of fatty acids from the sn-2 position of membrane phospholipids. The n-3 PUFA can be easily incorporated into membrane phospholipids on the sn-2 position, where arachidonic acid is usually present. The n-3PUFA blocks PLA 2 effects by inhibiting AA release, generating fewer inflammatory eicosanoids (Siddiqui et al., 2008) . In the present study, both FO and higher level Zn reduced the content of PLA 2 , which accounts for the decrease of pro-inflammatory eicosanoid accordingly. Both FO and higher level of Zn inhibited PLA 2 production, then decreased membrane phospholipid arachidonic acid release, and finally reduced the eicosanoids derived from arachidonic acid.
Lipid Peroxides
Results showed that oil sources did not affect plasma MDA concentration. This may be attributed to the good quality of refined oil and the cold temperature of the feeds room in winter during the experiment. 150 mg/Kg Zn reduced oxidation stress, playing an effective antioxidant impact especially when used in diets containing CO. Furthermore, we may infer that higher level Zn inhibiting PLA 2 production and decreasing plasma PGE 2 content might be related to its antioxidant property.
In summary, dietary FO and Zn are beneficial to the cardiovascular system of broilers. FO reduced the levels of serum TC, TG, HDL-C, and LDL-C, and decreased the contents of plasma PGE 2 , TXB 2 and PLA 2 of broilers when compared with CO; 150 mg/Kg Zn reduced the contents of plasma MDA, PGE 2 by inhibiting PLA 2 production compared to 75 mg/Kg Zn. There were interactions between oil sources and Zn levels on the contents of serum TG, HDL-C, plasma PLA 2 , MDA, and 6-K of birds. 
